There has been a steady improvement in cure rates for children with advanced-stage lymphoblastic non-Hodgkin's lymphoma. To further improve cure rates whereas minimizing long-term toxicity, we designed a protocol (NHL13) based on a regimen for childhood T-cell acute lymphoblastic leukemia, which features intensive intrathecal chemotherapy for centralnervous system-directed therapy and excludes prophylactic cranial irradiation. From 1992 to 2002, 41 patients with advanced-stage lymphoblastic lymphoma were enrolled on the protocol. Thirty patients had stage III and 11 had stage IV disease. Thirty-three cases had a precursor T-cell immunophenotype, five had precursor B-cell immunophenotype and in three immunophenotype was not determined. Out of the 41 patients, 39 (95%) achieved a complete remission. The 5-year event-free rate was 82.9 ± 6.3% (s.e.), and 5-year overall survival rate was 90.2 ± 4.8% (median follow-up 9.3 years (range 4.62-13.49 years)). Adverse events included two induction failures, one death from typhlitis during remission, three relapses and one secondary acute myeloid leukemia. The treatment described here produces high cure rates in children with lymphoblastic lymphoma without the use of prophylactic cranial irradiation.
Introduction
The non-Hodgkin's lymphomas (NHLs) of childhood are primarily high-grade tumors as defined by the National Cancer Institute Working Formulation. 1, 2 These comprise the Burkitt, large-cell and lymphoblastic subtypes as classified according to the World Health Organization system. 2 Lymphoblastic lymphoma represents approximately 30% of all pediatric NHL. The vast majority is advanced-stage lymphoblastic lymphoma with a precursor T-cell immunophenotype.
The outcome of treatment for children with NHL has improved over the past 30 years, largely through sequential protocols that used increasingly intensive chemotherapy regimens guided by stage and histology or immunophenotype. [3] [4] [5] [6] [7] [8] [9] [10] With modern therapy, at least 75% of children with advancedstage lymphoblastic lymphoma are long-term, event-free survivors. Most successful treatment strategies for advanced-stage pediatric lymphoblastic lymphoma are derived from regimens designed for children with high-risk acute lymphoblastic leukemia (ALL). 3, 4, 6, 11 This approach was initially validated by a prospective Children's Cancer Group trial that compared two of the first successful pediatric NHL regimens, the cyclophosphamide-based COMP regimen and the 10-drug LSA 2 L 2 regimenFthe latter designed for the treatment of ALL. 6 Both regimens had an excellent outcome in children with limitedstage disease, regardless of histological subtype; however, among children with advanced-stage disease, those with Burkitt lymphoma had a better result with the COMP regimen, whereas the LSA 2 L 2 regimen was superior for those with lymphoblastic lymphoma. Subsequent trials for children with lymphoblastic lymphoma attempted to build on these observations with strategies that include intensification of therapy, introduction of new agents 5 and optimization of central nervous system (CNS) prophylaxis and treatment. 3, 11, 12 Here, we report an analysis of the treatment outcome of 41 children with advanced-stage lymphoblastic lymphoma treated with our institutional ALL-derived regimen, NHL13.
Patients and methods

Patients and treatment
From 1992 to 2002, 41 children were referred to our institution with advanced-stage lymphoblastic lymphoma. By immunophenotyping, the tumor cells were classified as T-lineage in 33 patients and B lineage in 5 patients. In the remaining three patients, immunophenotype was not determined. Upon completion of an initial workup, which included CT imaging of the chest abdomen and pelvis, nuclear imaging with gallium and examination of the cerebrospinal fluid (CSF) and bone marrow, patients were classified according to the St Jude staging system as described by Murphy and co-workers. 13, 14 Patients with advanced-stage disease (stage III, n ¼ 31 and stage IV, n ¼ 10) were eligible for NHL13, an institutional review board approved protocol for children with advancedstage lymphoblastic lymphoma. Written informed consent was obtained from all parents or their legal guardians before enrollment. The NHL13 protocol featured remission induction (vincristine, daunomycin, L-asparaginase, prednisone, etoposide and cytarabine), consolidation (methotrexate at 2 g/m 2 and 6-mercaptopurine) and maintenance with weekly rotation of drug pairs (vincristine, dexamethasone, etoposide, cytarabine, cyclophosphamide, low-dose methotrexate and 6-mercaptopurine), as well as a reinduction (during weeks [16] [17] [18] [19] [20] [21] and highdose methotrexate every 8 weeks (for eight doses) during the first year ( Figure 1 ). This protocol was based on the Total 13 regimen previously used to treat patients with T-cell ALL at our institution. 15, 16 CNS prophylaxis for patients with CNS-1 status 
Statistical analysis
The principal end point of the study was event-free survival (EFS), measured from the start of therapy to the date of first treatment failure of any kind (relapse, death or second malignancy) or to the last date of follow-up. Failure to enter remission was considered an event at time zero. Overall survival (OS) was defined as the time interval from the start of therapy to death from any cause or to last follow-up. Distributions of EFS and OS were estimated by the method of Kaplan and Meier. The median follow-up is 9.3 years (range, 4.6-13.5 years).
Figure 1 NHL13 treatment schema that reviews chemotherapeutic agents and dosages for the preinduction, induction, consolidation and continuation phases. Central nervous system (CNS)-directed therapy is also outlined. Treatment of childhood lymphoblastic lymphoma JT Sandlund et al
Results
The presenting features of patients enrolled in the study are demonstrated in Table 1 . The majority of patients were males over 10 years of age with stage III, precursor T-cell disease. Four patients presented with CNS involvement (CNS-3, n ¼ 3; CNS-2, n ¼ 1). Of the 41 patients enrolled, 39 (95%) achieved a complete remission after the scheduled course of remission induction therapy. Among the two patients who did not achieve a complete remission, one had a residual mediastinal mass at the end of scheduled induction therapy and one died during induction therapy with acute respiratory failure thought to be secondary to an acute thromboembolic event. The 5-year EFS and OS estimates were 82.9±6.3% and 90.2±4.8%, respectively ( Figure 2 ).
Adverse events included three relapses (two local and one combined hematological and CNS), two induction failures and death from typhlitis during remission and secondary acute myeloid leukemia (AML) in one case each. Two of the three children who experienced relapse were successfully salvaged with multiagent chemotherapy followed by allogeneic hematopoietic stem cell transplantation (HSCT). One of the two patients who did not have a complete response entered remission after involved-field irradiation, autologous HSCT and post-HSCT continuation multiagent chemotherapy.
Discussion
The results of this study indicate that high cure rates for children with advanced-stage lymphoblastic lymphoma can be achieved with an ALL-based treatment that eliminates prophylactic cranial irradiation. NHL13 resulted in an EFS rate of 83% and an OS rate of 90% with only one nonlocal relapse among the 39 patients who achieved remission.
The multiagent nature of the NHL13 protocol makes it difficult to identify the most important determinants of success but the value of high-dose methotrexate is supported by several clinical and laboratory observations. Incorporation of high-dose methotrexate courses in the LMT-81 regimen used by the French Society of Pediatric Oncology reportedly improved cure rates. 4 Likewise, the Berlin-Frankfurt-Mü nster (BFM) group reported excellent results with its BFM90 regimen, which features a consolidation phase consisting of four courses of high-dose methotrexate (5 g/m 2 ) given every 2 weeks, plus a reinduction phase. 3 The observation that T-cell blasts accumulate methotrexate less avidly than B-lineage blasts and that higher dose of methotrexate can achieve adequate concentrations of methotrexate polyglutamates in T-cell blasts further supports the value of this approach. 15 Notably, both the Pediatric Oncology Group (POG) 9404 17 study and the recently completed Children's Oncology Group (COG) A5971 study are randomized to examine the contribution of high-dose methotrexate to treatment outcome.
Additional agents used in NHL13 that are thought to be important in the treatment of advanced-stage lymphoblastic lymphoma include L-asparaginase, anthracyclines and epipodophyllotoxins. A randomized POG study demonstrated a survival advantage for patients receiving additional L-asparaginase. 5 Whereas anthracyclines are commonly used in successful NHL treatment regimens, 11, 17 the use of epipodophyllotoxins is more controversial. Their use in the POG T3 protocol improved overall outcome but was associated with an increased rate of secondary AML. 5 Of 41 patients treated on the NHL13 regimen, 1 patient developed secondary AML, although the 11q23 abnormality typically seen in epipodophyllotoxin-induced secondary AML was not present. Nevertheless, considering the increased rate of secondary AML observed in the T13 regimen from which NHL13 was derived, we recommend that further refinement in therapy for lymphoblastic lymphoma should avoid the use of epipodophyllotoxin compounds for most patients. Another component of the NHL13 regimen that is likely to be important is the reinduction phase, which has been shown to improve outcome in children with ALL. This approach has also been incorporated into other regimens for advanced-stage lymphoblastic lymphoma, including BFM90 3 and COG A5971. The need for cranial irradiation in children with lymphoblastic lymphoma has remained controversial. We found that prophylactic cranial irradiation is not required to achieve an excellent treatment outcome. In NHL13, CNS prophylaxis included triple intrathecal therapy with methotrexate, hydrocortisone and cytarabine (15 courses for CNS-1, 22 courses for CNS-2) and systemic high-dose methotrexate. Systemic etoposide penetrates the CSF Figure 2 Kaplan-Meier curves demonstrating both the event-free survival and overall survival estimates for the 41 patients enrolled on the trial. The 5-year event-free rate was 82.9 ± 6.3% (s.e.), and 5-year overall survival rate was 90.2 ± 4.8% (median follow-up 9.3 years (range 4.62-13.49 years)).
and therefore may be another important component of CNS prophylaxis in this regimen. 18 In our study, only one of three patients with recurrent disease had CNS involvement at the time of relapse (combined bone marrow and CNS relapse in a patient who had presented with overt CNS disease). These results are in line with those of the BFM95 study, which did not include prophylactic cranial irradiation and resulted in excellent disease control. 12 Together, these results strongly indicate that prophylactic cranial irradiation can be avoided.
Further improvements in treatment outcome for children with lymphoblastic lymphoma may be achieved by identifying those children with a poor early response to therapy. Early response to therapy is the strongest independent predictor of treatment outcome in children with ALL. [19] [20] [21] [22] [23] Efforts are currently under way to determine whether this observation holds true for lymphoblastic lymphoma. 24 If so, patients with a very poor early response may be eligible for either novel or intensive salvage therapy with hematopoietic stem cell support.
